FAD-mutation of APP is associated with a loss of its synaptotrophic activity.
Alzheimer's disease (AD) is a chronic neurodegenerative disorder associated with extracellular accumulation of Abeta peptide that derives from the amyloid precursor protein (APP). While amyloidogenic processing of APP has received most attention, the physiological function of APP and the sequelae of potentially impaired APP function are less understood. APP is a transmembrane glycoprotein being widely expressed in neurons in both central and peripheral nervous system. Its physiological function has been associated with neuronal survival, neurite outgrowth and neuronal plasticity. The aim of the present study was to determine whether FAD-linked mutations of APP, known to be associated with early onset of the disease, might impair its synaptotrophic function, potentially contributing to synaptic deficiencies seen in AD. We performed a quantitative electron microscopy study on synapses in well characterized expression-matched transgenic mice lines expressing either wildtype or FAD-mutated hAPP. Using serial electron microscopic sections, we comparatively analyzed by stereological methods the number and sizes of synaptic contacts and the number of synaptic vesicles in the neocortex. We could clearly show a synaptotrophic effect in mice overexpressing wildtype hAPP evidenced by a significant increase in the number of synapses and the number of vesicles per synapse. This effect was abolished when FAD-mutated APP(Sw,Ind) was expressed instead of wildtype APP. The present study demonstrates a synaptotrophic effect of APP which is lost in the presence of a FAD-mutation. This failure could either be due to a synaptotoxic effect of Abeta potentially counteracting the synaptotrophic effect of APP. Alternatively, the FAD-mutation might impair the physiological function of the extracellular domain of APP and its fragments which might be required for the synaptotrophic effect. This suggests that not only "too much Abeta" but also "too less functional intact APP" might be relevant for synaptic pathology and degeneration in AD.